individually tested in the battery indicated above, with, or without, paced mating and tissues were collected immediately after testing for later assessment of endocrine measures. Results: In Experiment 1, behavioral estrous, compared to diestrous, rats demonstrated more exploratory, anti-anxiety, social, and reproductive behaviors, and had higher levels of E 2 and progestins in serum, midbrain, hippocampus, diencephalon, and cortex. In Experiment 2, in midbrain and hippocampus, levels of 3 ␣ ,5 ␣ -THP and its precursor DHP were increased among rats in behavioral estrus that were mated. In diencephalon, and cortex, DHP levels were increased by mating. In Experiment 3, in midbrain, levels of 3 ␣ ,5 ␣ -THP and its precursor DHP were increased among diestrous rats that were tested in the behavioral battery with mating as compared to those tested in the behavioral battery without mating. Conclusions: Increased levels of 3 ␣ ,5 ␣ -THP in behavioral estrus versus diestrous rats are associated with enhanced exploratory, anti-anxiety, social, and reproductive behaviors. Rats in behavioral estrus that are mated have further increases in 3 ␣ ,5 ␣ -THP and/or DHP levels in midbrain, hippocampus, diencephalon, and cortex than do non-mated rats in behavioral estrus, whereas diestrous rats only show 3 ␣ ,5 ␣ -THP increases in midbrain in response to behavioral testing that included mating.
Introduction
Increases in ovarian hormones, 17 ␤ -estradiol (E 2 ) and progesterone (P 4 ), which occur during behavioral estrus of rodents, modulate sexual behavior of female rodents, typically operationally defined by the occurrence of lordosis, a stereotypical posture that enables mating to occur. Ovariectomy (ovx) of rodents produces decrements in lordosis, E 2 , and progestin levels. Systemic administration of E 2 and P 4 to ovx rats, in a regimen analogous to ovarian secretion, reinstates lordosis responses of female rodents to sexually-relevant stimuli. Actions of P 4 at intracellular progestin receptors in the ventromedial hypothalamus (VMH) are required to initiate lordosis of E 2 -primed rats [1] [2] [3] . Subsequent actions of P 4 in the ventral tegmental area (VTA) mediate the onset and duration of lordosis through formation of P 4 's 5 ␣ -reduced metabolite, m ␣ -pregnan-3 ␣ -ol-20-one (3 ␣ ,5 ␣ -THP) [4] [5] [6] . Although P 4 and 3 ␣ ,5 ␣ -THP's actions in the VTA to mediate lordosis are well understood [7] , the effects and mechanisms by which progestins may mediate other behavioral processes (such as avoidance, aggression, approach, and/or proceptivity) that may culminate in mating, are not.
Progestins may mediate behaviors other than lordosis that contribute to mating. Elevated concentrations of P 4 and 3 ␣ ,5 ␣ -THP in plasma and hippocampus that occur on behavioral estrus, compared to diestrus, coincide with increases in exploratory and anti-anxiety behavior of intact rats [8, 9] . Ovx decreases exploration and anti-anxiety behavior that are seen during behavioral estrus [10, 11] . Systemic [7, [10] [11] [12] or central administration of P 4 or 3 ␣ ,5 ␣ -THP to the hippocampus [13] or amygdala [12, 14] of ovx rodents results in exploration, approach, and/or anti-anxiety behavior that are analogous to that seen among receptive rodents, unless P 4 's metabolism to 3 ␣ ,5 ␣ -THP is inhibited by genetic deletion or systemic and/or intrahippocampal administration of inhibitors of metabolism enzymes [11, [15] [16] [17] [18] . These findings suggest that changes in 3 ␣ ,5 ␣ -THP over the cycle may influence approach and/or avoidance behaviors that may influence mating.
Multiple sources of 3 ␣ ,5 ␣ -THP may underlie its functional effects. For example, 3 ␣ ,5 ␣ -THP is secreted by the ovaries and adrenals in a manner similar to P 4 [19, 20] . 3 ␣ ,5 ␣ -THP is also formed centrally when ovarian and/or adrenal P 4 is metabolized in brain [21, 22] and it is also a neurosteroid [23, 24] . Neurosteroids are produced de novo in brain independent of peripheral gland secretion, they have paracrine effects, which typically occur at non-traditional steroid substrates, and rapid changes in levels of neurosteroids have been demonstrated in response to environmental and/or behavioral stimuli [25] [26] [27] [28] [29] [30] [31] [32] . Neurosteroids are synthesized from cholesterol that binds mitochondrial benzodiazepine receptors, which facilitates transport to the inner mitochondrial membrane and initiates neurosteroid biosynthesis [33] . In contrast to some steroids that exhibit traditional actions via intracellular steroid receptors, most neurosteroids have actions via modulatory effects on neurotransmitter receptor activity, most notably at GABA A receptors [5, 34] . Exposure to extreme stimuli such as cold-water swim, restraint, footshock, carbon dioxide inhalation, ether exposure, or loud noise enhances neurosteroidogenesis [25] [26] [27] [28] [29] [30] [31] [32] . As well, mating stimuli can also increase 3 ␣ ,5 ␣ -THP levels to those which can produce agonist-like actions at GABA A receptors [35] . Together, these findings have contributed to the notion that 3 ␣ ,5 ␣ -THP may be an important neuroendocrine modulator of homeostasis [36] .
Actions of 3 ␣ ,5 ␣ -THP in the VTA for lordosis may involve neurosteroidogenesis. First, inhibiting or increasing biosynthesis in the VTA by administration of agents which inhibit or activate mitochondrial benzodiazepine inhibitors disrupts or enhances, respectively, lordosis of intact and ovx, hormone-primed rats and hamsters [37] [38] [39] . Second, 3 ␣ ,5 ␣ -THP enhances lordosis via actions at GABA A , NMDA, and/or D 1 , rather than progestin, receptors in the VTA [5, 7, [40] [41] [42] , as demonstrated by studies which pharmacologically target these substrates in the VTA and produce commensurate effects on progestinfacilitated lordosis. Third, mating enhances 3 ␣ ,5 ␣ -THP levels in the midbrain VTA independent of peripheral gland secretion of progestins. Engaging in mating behaviors increases 3 ␣ ,5 ␣ -THP levels in midbrain of E 2 -primed rats that are lacking peripheral sources of progestins (ovaries and adrenals) [5] . Together, these data suggest that 3 ␣ ,5 ␣ -THP's effects in the VTA to mediate lordosis may involve neurosteroidogenesis.
There is also evidence that neurosteroidogenesis in the hippocampus is involved in modulating behavioral processes. In support, increasing levels of 3 ␣ ,5 ␣ -THP in hippocampus via manipulations of mitochondrial benzodiazepine receptors reduces fear and anxiety behaviors in the shock-probe burying test and the elevated plus maze in male rats, an effect which is abrogated by co-administration of GABA A receptor antagonists [15] . Blocking actions at GABA A receptors attenuates P 4 's anti-anxiety effects in male mice [43] . Effects of manipulating neurosteroidogenesis and actions at non-traditional substrates on anxiety behavior of female rodents have not been in-vestigated as systematically as is needed. Further, whether 3 ␣ ,5 ␣ -THP is increased in hippocampus in response to behavioral processes that may involve anxiety is not well known. Thus, although data suggest that neurosteroidogenesis in hippocampus may influence anxiety behaviors, further investigation is necessary.
The present studies were designed to address two questions. First, whether differences in 3 ␣ ,5 ␣ -THP in midbrain VTA over the estrous cycle are related to changes in exploration, anxiety, other social and approach behaviors, and mating was investigated in Experiment 1. This question was investigated by comparing behavior of rats with high (behavioral estrus) and low (diestrous) endogenous 3 ␣ ,5 ␣ -THP levels. We expected that behavioral estrous, compared to diestrous, rats would exhibit enhanced exploration, anti-anxiety, social, and reproductive behaviors concomitant with increased levels of E 2 , P 4 , DHP, and 3 ␣ ,5 ␣ -THP. Second, whether engaging in these behaviors may alter E 2 , P 4 , DHP, 3 ␣ ,5 ␣ -THP levels was examined in Experiments 2 and 3. To investigate this, concentrations of E 2 , P 4 , DHP, and 3 ␣ ,5 ␣ -THP in serum, midbrain, hippocampus, diencephalon, and cortex of behavioral estrous (Experiment 2) or diestrous (Experiment 3) rats that were individually behaviorally tested through a battery of exploratory, anxiety, and social tasks, with or without paced mating, was investigated. It was expected that 3 ␣ ,5 ␣ -THP levels in midbrain would be increased by paced mating and that 3 ␣ ,5 ␣ -THP in other brain areas might be altered by other reproductively-relevant behaviors.
Materials and Methods
These methods were pre-approved by The Institutional Care and Use Committee at The University at Albany-SUNY and studies were conducted in compliance with ethical guidelines defined by The National Institute of Mental Health and the Society for Neuroscience.
Animals and Housing
Adult, intact, female Long-Evans rats (n = 34) were utilized in the present study. Rats were group-housed in the Laboratory Animal Care Facility in the Social Sciences Building at The University at Albany-SUNY, in a temperature-and humidity-controlled room with ad libitum access to water and rat chow in their cages. Rats were on a reversed, 12: 12 h light cycle (lights off at 08: 00 h) and all behavioral testing was conducted between 08: 00 and 13: 00 h.
Determination of Estrous Cycle Phase
Vaginal epithelium was examined daily, between 07: 00 and 08: 00 h, to determine the phase of the estrous cycle, as previously reported [8, 44] . Rats were cycled through two normal estrous cycles (4-to 5-day cycle) and then randomly assigned for testing during behavioral estrous or diestrous phases of the estrous cycle.
Stimulus Males
Male stimulus rats in the present studies were breeders used to maintain our rat colony. As such, these sexually-responsive males were screened with a sexually-receptive female every other day, to ascertain that consistent, high levels of sexual responsiveness were exhibited. To further ensure that all experimental females received analogous stimulation, immediately prior to engaging in paced mating, stimulus males were paired with a stimulus female that is optimally receptive due to exogenous hormone priming. Only stimulus males that reliably and consistently make sexual contacts in both evaluations were utilized.
Behavioral Testing
Behavioral data were collected by 1 of 2 observers who were blind to the experimental condition of rats and/or the hypothesized outcome of the study. Each rat was individually tested sequentially in the behavioral battery of tasks described below, with no time between tasks, other than that necessary to transfer rats from one apparatus to another. The behavioral battery requires about 40 min for each rat to complete. The order of the tasks was the same for each rat. Prior reports from our laboratory have demonstrated that similar behavioral and endocrine (5 ␣ -reduced androgens) outcomes are observed irrespective of whether rats are tested sequentially through the battery of tasks or are tested in individual tasks only [45] .
Multiple measures were obtained in each of the tasks utilized in the present study. Measures used as indices of exploration, anxiety, social, and/or sexual behaviors were of primary interest in the current study. Other, secondary measures, which typically represent performance parameters, such as motor effects, were collected and used as control measures to ascertain the specificity of behavioral effects in all tasks utilized. Only data from primary measures that do not appear to be attributable to differences in performance parameters (secondary measures) are reported.
Open Field. The open field (76 ! 57 ! 35 cm) has a 48-square grid floor (6 ! 8 squares, 9.5 cm/side), with the 24 central squares illuminated from above. As previously reported, rats were placed in the open field and the number of peripheral and central squares entered was recorded during a 5-min test period [8, 46, 47] . Increased central square entries are an indication of increased exploration and anti-anxiety behavior.
Elevated Plus Maze. The elevated plus maze is 50 cm off the ground and has four arms (49 cm long and 10 cm wide), two of which were enclosed by walls (30 cm high) and two of which were open. The number of entries into, and the amount of time spent on, the open and closed arms were recorded in a 5-min test [8, 48] . More time on the open arms is considered indicative of increased exploration and anti-anxiety behavior.
Partner Preference Test. Stimulus rats (1 ovx female, 1 intact male) were confined in opposite corners of an open field (76 ! 57 ! 35 cm) by clear plexiglass compartments with small holes drilled in the bottom. This allows experimental rats to receive both visual and olfactory stimuli, but not physical contact, from stimulus rats. Experimental rats were placed in the center of the open field and the amount of time spent in close proximity (with-in a body's length) to either of the stimulus rats, was recorded in a 5-min test [49] . Increased time spent with one stimulus rat over another is considered a partner preference.
Social Interaction. An experimental rat and an ovx female conspecific were placed in opposite corners of an open field (76 ! 57 ! 35 cm) and the total duration of time that the experimental rat engaged the stimulus rat in crawling over and under partner, sniffing of partner, following with contact, genital investigation of partner, tumbling, boxing and grooming was recorded during a 5-min test [8, 50] . Increased social interaction indicates decreased anxiety behavior.
Paced Mating. Some rats were tested in the paced mating task, per previous methods [51, 52] . Allowing females to pace the timing of sexual contacts facilitates fertility and fecundity and is believed to be more ethologically relevant [52] . Experimental females were placed in a chamber (37.5 ! 75 ! 30 cm), which was equally divided by a partition that had a small (5 cm in diameter) hole in the bottom center, to allow females free access to both sides of the chamber, but prevented the stimulus male from moving between sides. Females were observed in the box for an entire ejaculatory series. The frequency of mounts and intromissions that preceded an ejaculation was recorded. As well, the frequency (lordosis quotient) and intensity (lordosis rating) of lordosis, quantified by rating of dorsiflexion on a scale of 0-3 [53] , was recorded. The percentage of sexual contacts that were preceded by proceptive (i.e. hopping, darting, ear wiggling, PQ = number of proceptive behaviors/number of total contacts) or aggressive (i.e. vocalizations, defensive postures, AQ = number of aggressive behaviors/number of total contacts) behaviors was recorded. Pacing measures included the percentage of times the female rat left the compartment containing the male rat after receiving a particular copulatory stimulus (% exits after mounts, intromissions, and ejaculations) and latencies in seconds to return to the male compartment after these stimuli. The normal pattern of pacing behavior for percent exits and return latencies to be longer after more intensive stimulation (ejaculations 1 intromissions 1 mounts) was observed in the present study.
Tissue Collection
Immediately following the completion of the test battery, each rat had trunk blood and whole brains collected for later measurement of circulating and central E 2 , P 4 , DHP, and 3 ␣ ,5 ␣ -THP by radioimmunoassay (described below). Serum and brains were stored at -80 ° C for approximately 2 months until radioimmunoassay. Immediately prior to measurement of steroids, midbrain, hippocampus, diencephalon, and cortex were grossly dissected. Remaining subcortical tissue in close proximity to midbrain was also dissected and used as a control site (interbrain). The brain was initially positioned ventral side up for dissection. The anterior and posterior borders for gross dissection of midbrain were the optic chiasm and pontine regions, respectively. The lateral borders were ϳ 1.5 mm from midline and the dorsal aspect was just ventral to the cerebral aqueduct. For diencephalon, anterior/ posterior boundaries for dissection were the accumbens and optic chiasm, the lateral aspects were ϳ 1.5 mm from midline, and the dorsal/ventral aspects were between the hypothalamus and thalamus and core and shell of the accumbens. For dissection of hippocampus and cortex, brains were turned over. Intact bilateral hippocampus, including amygdala, were separated out from cortex. Bilateral anterior cortical tissues ( ϳ 2 mm dorsal to olfactory bulbs) were dissected and used for cortex measurements. Interbrain tissue was the remaining subcortical tissue above the previously dissected midbrain area, which included the central gray. Wet weight of dissected regions was obtained to account for tissue mass used for radioimmunoassay.
Measurement of Steroid Hormones
E 2 and progestins were measured using radioimmunoassay per previous methods [54] . Serum E 2 and progestins were extracted using diethyl ether. For extraction of E 2 and progestins from the midbrain, hippocampus, striatum, and prefrontal cortex, tissues were homogenized with a glass/glass homogenizer in 50% MeOH, 1% acetic acid. Tissues were then centrifuged at 3,000 g and the supernatant was chromatographed using Sepak cartridges and increasing concentrations of MeOH. Solvents were removed using a speed drier and samples were reconstituted in assay buffer (pH = 7.4). Radioisotopes for assays were as follows: H]3 ␣ ,5 ␣ -THP. Standard curves were prepared in duplicate for a range of nine concentrations. The range of the standard curve for E 2 was 12.5-1,000 pg and for progestins 50-4,000 pg. Standards, the appropriate antibody, and [ 3 H]steroid were added to assay buffer. The total assay volumes for E 2 , P 4 , DHP, and 3 ␣ ,5 ␣ -THP were 800, 950, 950, and 1,200 l, respectively. All assays were incubated overnight at 4 ° C, except E 2 , which incubated at room temperature for 50 min. The rapid addition of dextran-coated charcoal resulted in separation of bound and free steroid. Following incubation with charcoal, samples were centrifuged at 3,000 g and the supernatant was pipetted into a glass scintillation vial with scintillation cocktail. Sample tube concentrations were calculated using the logit-log method of Rodbard and Hutt [55] , interpolation of the standards, and correction for recovery. The intra-and interassay percentages of variance for each assay were: E 2 9 and 10%, P 4 10 and 11%, DHP 9 and 11%, and 3 ␣ ,5 ␣ -THP 12 and 13%.
Procedure
In Experiment 1, behavior (in the test battery described above) and endocrine measures of behavioral estrous (n = 8) and diestrous (n = 9) rats were compared. Tissues were collected immediately following the completion of testing for later radioimmunoassay to compare levels of E 2 , P 4 , DHP, and 3 ␣ ,5 ␣ -THP in serum, midbrain, hippocampus, diencephalon, and cortex. One-way ANOVAs were used to examine effects of estrous cycle (behavioral estrus, diestrus) on behavior and endocrine outcomes.
In Experiment 2, endocrine parameters of rats in behavioral estrus (n = 8) that were tested in the behavioral battery without mating were compared to that of rats in behavioral estrus (n = 8) that were exposed to the entire battery, including mating. Tissues were collected immediately after completion of testing for endocrine measures. Effects of paced mating (paced mating, no paced mating) on endocrine measures of rats in behavioral estrus were analyzed using one-way ANOVAs.
In Experiment 3, endocrine parameters of diestrous rats (n = 9) that were tested in the behavioral battery without mating were compared to that of diestrous rats (n = 9) that were exposed to the entire battery, including mating. Immediately following testing, tissues were collected for later hormone measurement. One-way ANOVAs were used to examine effects of paced mating (paced mating, no paced mating) on endocrine measures of diestrous rats.
Statistical Analyses
One-way ANOVAs were utilized to analyze data in each experiment. Correlational analyses were used to examine the relationship between hormone levels in specific brain areas and behaviors examined. ␣ level for statistical significance was p ^ 0.05.
Results

Experiment 1 Behavioral Measures.
As expected, and previously demonstrated in investigations of individual behaviors [8, 9, 17, 56, 57] , behavioral estrous, compared to diestrous, rats exhibited more exploratory, anti-anxiety, social, and sexual behavior. Behavioral estrous, compared to diestrous, rats entered significantly more central squares in the open field, spent significantly more time on the open arms of the elevated plus maze, more time in close proximity to a stimulus male and in social interaction with a conspecific. Rats in behavioral estrus also demonstrated enhanced lordosis quotients and ratings, percentage of exits, and proceptivity and aggression quotients than did diestrous rats ( table 1 , A, B) .
Endocrine Measures. As expected and previously observed [35] , behavioral estrous, compared to diestrous, rats had significantly higher concentrations of E 2 , P 4 , DHP, and 3 ␣ ,5 ␣ -THP in serum, midbrain, hippocampus, diencephalon, cortex, and interbrain ( table 1 , C-F).
Behavior/Endocrine Correlations. There were a number of significant correlations between behaviors examined and 3 ␣ ,5 ␣ -THP (but not other endocrine factors) in midbrain, hippocampus, diencephalon, cortex, but not interbrain ( table 1 , F). Increased central square entries in the open field were associated with higher levels of 3 ␣ ,5 ␣ -THP in midbrain, hippocampus, diencephalon, and cortex. More time spent on the open arms of the elevated plus maze were associated with higher levels of 3 ␣ ,5 ␣ -THP in hippocampus. Time spent in close proximity to a stimulus male was positively associated with higher levels of 3 ␣ ,5 ␣ -THP in midbrain, hippocampus, diencephalon, and cortex. Longer durations of social interaction were associated with higher levels of 3 ␣ ,5 ␣ -THP in diencephalon. Greater lordosis quotients were positively correlated with 3 ␣ ,5 ␣ -THP levels in midbrain and hippocampus. Higher lordosis ratings, percentage of exits, and proceptivity quotients were associated with higher levels of 3 ␣ ,5 ␣ -THP in midbrain and diencephalon.
Experiment 2 E 2 and P 4 Levels. There was no effect of mating to increase levels of E 2 or P 4 in any brain area examined of rats in behavioral estrus ( table 2 ) .
DHP Levels. Behavioral estrous rats that were mated, compared to rats in behavioral estrus that were exposed to all of the behavioral tasks, except mating, had higher levels of DHP in midbrain (F(1,14) = 9.74, p = 0. ( fig. 1 a) . 1,14) = 0.45, p = 0.50) were increased in behaviorally tested rats in behavioral estrus that were mated compared to behavioral estrous rats that were not mated ( fig. 1 b) .
Experiment 3 E 2 and P 4 Levels. There was no effect of mating to increase E 2 or P 4 in any brain area examined of diestrous rats ( table 3 ) .
DHP Levels. Levels of DHP were increased in midbrain (F(1,16) = 4.34, p = 0.05), but neither hippocampus (F(1,16) = 0.69, p = 0.41), diencephalon (F(1,16) = 0.32, p = 0.57), cortex (F(1,16) = 2.37, p = 0.14), interbrain (F(1,16) = 0.44, p = 0.86), nor serum (F(1,16) = 0.12, p = 0.72), of diestrous rats that were exposed to the behavioral test battery, including mating, compared to rats that were behaviorally tested, but not mated ( fig. 2 a) . exposed to the behavioral test battery, including mating, compared to rats that were behaviorally tested, but not mated ( fig. 2 b) .
Discussion
The present data supported our hypotheses. First, behavioral estrous, compared to diestrous, rats demonstrated concomitant increases in exploration, anti-anxiety, social, approach, anti-conflict, and sexual behavior and had increased circulating and central levels of E 2 , P 4 , DHP, and 3 ␣ ,5 ␣ -THP. 3 ␣ ,5 ␣ -THP concentrations in midbrain, hippocampus, diencephalon, and cortex were positively correlated with enhanced anti-anxiety, social, and reproductive behaviors. Second, mating increased levels of 3 ␣ ,5 ␣ -THP in midbrain and hippocampus of rats in behavioral estrus that were behaviorally tested and engaged in paced mating. 3 ␣ ,5 ␣ -THP's immediate precursor, DHP, was also increased in midbrain, hippocampus, diencephalon, and cortex (but not interbrain or serum) following paced mating. Among diestrous rats that were behaviorally tested with paced mating, 3 ␣ ,5 ␣ -THP and DHP concentrations were increased only in midbrain. Together, these data suggest that higher levels of 3 ␣ ,5 ␣ -THP in hippocampus, diencephalon, and cortex are associated with enhanced exploratory, anti-anxiety, social, and reproductive behaviors. Further, exposure to paced mating has site-specific effects to increase 3 ␣ ,5 ␣ -THP and/or its precursor, DHP, in midbrain, hippocampus, diencephalon, and cortex of rats in behavioral estrus and midbrain of diestrous, rats.
These data confirm and extend previous reports that behavioral estrous, compared to diestrous, rats have enhanced sexual responsiveness. Prior reports indicate that rats in behavioral estrus, with higher levels of E 2 and progestins, show greater lordosis responses than do diestrous rats, with lower E 2 and progestin levels [41, 58] . In the present study, rats in behavioral estrus had greater lordosis responses than did diestrous rats. Behavioral estrous rats also exhibited more proceptive and less aggressive behaviors than did diestrous rats. Enhanced pacing behavior, as indicated by greater number of exits following sexual contacts, was also exhibited by rats in behavioral estrus compared to diestrous rats. Together, these data suggest that increased levels of E 2 and progestins are associated with enhanced lordosis, as well as behaviors that may enhance (greater proceptive and pacing behaviors) and/or be permissive of (reduced aggression) mating. In addition to estrous cycle differences in sexual behavior, the present data confirm and extend prior reports of changes in other behaviors across the estrous cycle. Separate reports have shown that rats in behavioral estrus spend more time on the open arms of the elevated plus maze and in social interaction, concomitant with increased E 2 and progestin levels, compared to diestrous rats, with lower levels of E 2 and progestins [8, 9, 41, 54] . In the present study, when tested in a sequence of tasks, behavioral estrous, compared to diestrous, rats entered more central squares in the open field, spent more time on the open arms of the elevated plus maze and in close proximity to a stimulus male, and had longer durations of social interaction with a conspecific. Behavioral estrous rats also had increased levels of E 2 , P 4 , DHP, and 3 ␣ ,5 ␣ -THP in serum, midbrain, hippocampus, diencephalon, cortex, and interbrain. These data suggest that variations in E 2 and progestins across the estrous cycle are associated with changes in exploratory, anti-anxiety, and social behaviors, which like proceptive and aggressive behaviors, may influence the probability of direct sexual contacts.
One question of interest is which hormone is modulating these behaviors and what are the brain areas involved? Data from our laboratory has previously demonstrated that behavioral estrous, compared to diestrous, rats have elevated concentrations of E 2 , P 4 , DHP, and 3 ␣ ,5 ␣ -THP in midbrain, hypothalamus, hippocampus, and amygdala [54] . Here we confirm these effects and extend them to demonstrate that behavioral estrous rats also have higher E 2 , P 4 , DHP, and 3 ␣ ,5 ␣ -THP concentrations in interbrain, which encompasses the central gray, an area involved in mediating sexual, aggression, and anxiety behaviors [47] . As well, in previous studies we did not examine correlations between endocrine measures and behavior. In the present studies, there is a robust pattern for 3 ␣ ,5 ␣ -THP to be correlated with exploratory, antianxiety, social, and reproductive behaviors. In the present studies, enhanced anti-anxiety, social, and reproductive behaviors were correlated with concentrations of 3 ␣ ,5 ␣ -THP, rather than E 2 , P 4 or DHP. Increased levels of 3 ␣ ,5 ␣ -THP in midbrain were associated with enhanced lordosis, proceptivity, and pacing behaviors, as would be expected. However, greater levels of 3 ␣ ,5 ␣ -THP in midbrain were also associated with more central square entries in the open field and more time spent in proximity to a stimulus male. Likewise, 3 ␣ ,5 ␣ -THP concentrations in hippocampus and diencephalon were associated with enhanced behaviors directly (lordosis, proceptivity, and/or pacing) and perhaps, indirectly (exploratory, anti-anxiety, and social), related to reproductive behavior, whereas 3 ␣ ,5 ␣ -THP levels in cortex were associated with only exploratory, anti-anxiety, and social measures. There were no significant correlations between 3 ␣ ,5 ␣ -THP levels in interbrain and any of the behaviors examined. Although we cannot make causal attributions about the effects of 3 ␣ ,5 ␣ -THP on exploratory, anti-anxiety, social, and reproductive behaviors based upon these data, they do suggest that 3 ␣ ,5 ␣ -THP levels in midbrain, hippocampus, and diencephalon may influence both sexual and exploratory, anti-anxiety, and social behaviors, while 3 ␣ ,5 ␣ -THP in cortex may be more involved in the latter behavioral processes. The present results also confirm and extend prior reports that mating increases 3 ␣ ,5 ␣ -THP concentrations in the brain. In a standard mating paradigm, E 2 -primed rats and hamsters, which exhibited some mating behavior, had 3 ␣ ,5 ␣ -THP concentrations and numbers of 3 ␣ ,5 ␣ -THP-immunoreactive cells in midbrain that were similar to levels of E 2 -and P 4 -primed animals and significantly higher than vehicle-primed animals [41] . When progestin concentrations are examined following paced mating, we have seen significant increases in 3 ␣ ,5 ␣ -THP, or its immediate precursor, DHP, in hippocampus, diencephalon, and cortex of ovx, hormoneprimed rats [59, 60] . In the present study, DHP and 3 ␣ ,5 ␣ -THP were increased in midbrain, hippocampus, diencephalon, and cortex, but not interbrain, of behavioral estrous rats after engaging in paced mating. Comparing data across studies, we might infer that paced mating is more effective at increasing DHP and 3 ␣ ,5 ␣ -THP concentrations; however, this idea needs to be systematically examined. Thus, paced mating can induce increases in 3 ␣ ,5 ␣ -THP and/or its precursor, DHP, in midbrain, as well as areas not traditionally associated with mating behavior and these effects can occur in intact and ovx, hormone-primed rats.
Interestingly, in the present studies, both 3 ␣ ,5 ␣ -THP and DHP were increased following paced mating. Prior work in our laboratory has demonstrated that hamsters in behavioral estrus that are mated have increased DHP, but not 3 ␣ ,5 ␣ -THP, in midbrain, cortex, and hypothalamus [unpubl. data]. We have also seen increases in plasma P 4 of rats following mating [61] . Whether mating-induced increases in P 4 , DHP, and/or 3 ␣ ,5 ␣ -THP are observed may depend, in large part, upon the timing of exposure to mating and subsequent tissue collection. Neurosteroidogenesis occurs in a very rapid timeframe and progestins are very labile [21, 62] . Standard mating in rats can require as little as 5 min to complete, which allows behavior and tissue collection to occur in a very short period of time. However, in the present studies, behavioral analyses required ϳ 40 min (and hamsters require ϳ 15 min). As such, increases in DHP in our prior work with hamsters and in the present studies may be a result of sufficient time for 3 ␣ ,5 ␣ -THP to be increased and then back-converted to DHP [21] . Thus, the present data suggest that progestins can be increased in response to mating; however, the timeframe associated with mating may influence which progestin is increased.
As noted above, mating-induced increases in 3 ␣ ,5 ␣ -THP and DHP were observed in brain areas not typically associated with sexual behavior. Among rats in behavioral estrus, 3 ␣ ,5 ␣ -THP was increased in midbrain and hippocampus and DHP was increased in midbrain, hippocampus, diencephalon, and cortex, with no increases in 3 ␣ ,5 ␣ -THP or DHP in interbrain. Diestrous rats had mating-induced increases in 3 ␣ ,5 ␣ -THP and DHP only in midbrain. The hippocampus, diencephalon, and cortex are all progestin-sensitive and involved in mediating exploration, anti-anxiety, social behaviors. One possible function for increases in 3 ␣ ,5 ␣ -THP and DHP in hippocampus, diencephalon, and cortex may be to facilitate behaviors necessary for successful mating. Mating among female rodents requires that some normally adaptive behaviors, such as aggression toward males, limited exploratory behavior, and restricted social inter-actions, be reversed [63] . The hippocampus, diencephalon, and cortex are involved in mediating aggressive, exploratory/anti-anxiety, and/or social behaviors [64] [65] [66] . Thus, increases in 3 ␣ ,5 ␣ -THP and/or DHP in these areas may influence aggressive, exploratory, anti-anxiety, and social behaviors, which may enhance the probability of a successful mating encounter.
In the present studies, diestrous rats exhibited low levels of lordosis during the paced mating tasks. These data are consistent with prior reports that lordosis can occur on every day of the estrous cycle, albeit these previous data were obtained using manual palpation, rather than male mounting [67] . Diestrous rats showed much lower levels of reproductive behavior than did rats in behavioral estrus and demonstrated increased levels of 3 ␣ ,5 ␣ -THP and DHP in midbrain, but not hippocampus, diencephalon, or cortex, as was seen by rats in behavioral estrus. One possible reason that increases were seen in midbrain of diestrous rats, but not these other areas that were seen among behavioral rats, may be due to the lower level of stimulation received during paced mating of diestrous compared to behavioral estrous rats. The midbrain, compared to all other brain areas examined, has the highest activity levels of enzymes necessary for the production of 3 ␣ ,5 ␣ -THP [5, 68] . Hence, the level of stimulation received by diestrous rats may have been sufficient to induce increases in midbrain, but not hippocampus, diencephalon, cortex, or interbrain with lower enzyme activity. As well, lower levels of E 2 among diestrous, compared to behavioral estrous, rats may also underlie differences in mating-induced 3 ␣ ,5 ␣ -THP increases. E 2 stimulates de novo synthesis of P 4 in hypothalamus [69] and enhances 3 ␣ ,5 ␣ -THP production in hippocampus by enhancing activity of metabolism enzymes [70, 71] . Hence, the less widespread increases in 3 ␣ ,5 ␣ -THP and DHP among diestrous, compared to behavioral estrous, rats may be a function of low levels of E 2 , which are less likely to produce robust increases in P 4 biosynthesis and/or metabolism to 3 ␣ ,5 ␣ -THP. Thus, the hormonal milieu in which mating occurs may influence the extent to which mating-induced increases in progestins are observed.
These are intriguing data that extend our knowledge about the relationship between progestins and reproductively-relevant behaviors; however, the following caveats need to be considered. First, these studies did not reveal the stimulus or combination of stimuli necessary for altering 3 ␣ ,5 ␣ -THP concentrations in these brain areas. Mating contact appears to play a critical role; however, which components of mating may be important is not yet known. One obvious possibility is vaginocervical stimulation (VCS), which is integral for mating. However, in our previous studies, VCS was neither necessary, nor sufficient, to increase 3 ␣ ,5 ␣ -THP levels. E 2 -primed rats and hamsters that received low levels of VCS had increased concentrations of 3 ␣ ,5 ␣ -THP in midbrain, which were comparable to levels of E 2 -and P 4 -primed rodents that received significantly more VCS [35] . It is possible that there is something unique about paced mating that may facilitate increases in progestins. Second, neurosteroidogenesis was not directly manipulated or measured in the present studies. Although 3 ␣ ,5 ␣ -THP and DHP were increased following paced mating in behavioral estrous and diestrous rats, the present data did not elucidate whether these increases were due to central metabolism from peripheral sources or de novo biosynthesis. Future studies will investigate this question by pharmacologically blocking metabolism and/or neurosteroidogenesis in midbrain, hippocampus, diencephalon, or cortex and examining effects on exploratory, anti-anxiety, social, and sexual behaviors of rats lacking ovaries and/or adrenals.
In summary, these data support the idea that 3 ␣ ,5 ␣ -THP may have actions in midbrain, hippocampus, diencephalon, and cortex to modulate reproductively-relevant behaviors beyond lordosis. Behavioral estrous rats with high endogenous 3 ␣ ,5 ␣ -THP concentrations exhibited more exploratory, anti-anxiety, social, and reproductive behaviors than did diestrous rats, with low endogenous 3 ␣ ,5 ␣ -THP levels. Further, paced mating can induce increases in progestin concentrations in brain areas, such as midbrain, hippocampus, diencephalons, and cortex, which are not typically associated with reproductive behavior. Engaging in mating behaviors increased progestin concentrations in midbrain, hippocampus, diencephalon, and cortex of behavioral estrous rats, and in midbrain of diestrous rats. These are intriguing data that suggest 3 ␣ ,5 ␣ -THP may be an important neuroendocrine factor for regulating these reproductively-relevant behaviors. However, the mechanisms for such effects are not known and are the subject of our ongoing investigations.
